Objective: To identify behavioral, social, and structural factors associated with time from HIV seroconversion to antiretroviral therapy (ART) initiation among people who use injection drugs (PWID).
Introduction
Optimal and sustained engagement in antiretroviral therapy (ART) suppresses plasma HIV RNA viral load to below detectable concentrations, decreases HIV disease progression and nearly eliminates the risk of onward vertical, sexual, or parenteral HIV transmission [1] [2] [3] [4] [5] [6] [7] [8] [9] . Thus, a large number of countries as well as the United Nations have endorsed Treatment-as-Prevention (TasP)based strategies as a means to decrease HIV/AIDSassociated morbidity and mortality by ensuring the optimal health of people living with HIV disease and secondarily to decrease the incidence of new infections [10] . To reduce the time any individual living with HIV/AIDS has a detectable viral load and is at risk of transmitting the virus, TasP-based efforts rely on early detection and prompt engagement in treatment [11] [12] [13] .
Despite the availability of effective ART, HIV-infected people who use injection drugs (PWID) continue to experience relatively high levels of HIV/AIDS-related morbidity and mortality [14, 15] . As PWID are at increased risk of HIV infection but are less likely to initiate treatment, efforts to rapidly engage PWID in evidence-based treatment for HIV infection are needed to control the pandemic.
Despite the urgent need to scale-up HIV treatment among PWID, there is a dearth of research on the factors that shape ART initiation. In particular, we are unaware of any longitudinal studies among PWID followed from HIV seroconversion to ART initiation to characterize the factors that predict ART initiation. Thus, using data from a long-running community-recruited cohort of HIVnegative and HIV-positive PWID, we sought to identify potentially modifiable behavioral, social, and structurallevel factors inhibiting or promoting ART initiation.
Methods
In this study, we used data from the Vancouver Injection Drug Users Study (VIDUS) and the AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS). The VIDUS and ACCESS studies are ongoing prospective observational cohorts of illicit drug users centered in the Downtown Eastside (DTES) of Vancouver, British Columbia. The DTES is an epicenter of HIV/AIDS in British Columbia and an urban neighborhood characterized by high levels of poverty, illicit drug use, sex work, and hepatitis C seropositivity. Eligibility criteria and recruitment methods for VIDUS and ACCESS have been described previously [16, 17] . In brief, VIDUS includes HIV-seronegative individuals who report any injection drug use in the 30 days prior to recruitment. The ACCESS study includes HIV-seropositive individuals who report any illicit drug use other than cannabis in the 30 days prior to recruitment. Individuals in VIDUS who seroconvert following recruitment are transferred to ACCESS for ongoing follow-up. The studies use harmonized data collection procedures at the baseline interview and all biannual follow-up interviews thereafter to allow for the comparison of HIV-negative and HIV-positive individuals. These procedures include an identical interviewer-administered questionnaire, examination by a study nurse, and a blood draw for serological analysis, including HIV antibody testing for all HIV-negative participants, and HIV clinical monitoring for all HIV-positive participants. At recruitment, participants provide their personal health number, a unique and persistent identifier issued for billing and tracking purposes to all residents of British Columbia by the government-run universal no-cost medical system. The VIDUS and ACCESS studies have been approved by the University of British Columbia/Providence Healthcare Research Ethics Board.
For ACCESS participants, information gathered through the interview and examination process is augmented with data on HIV treatment and clinical outcomes. This information is made available through a confidential linkage with the provincial Drug Treatment Program (DTP). As described in detail elsewhere [16] , the universally accessible and publicly funded DTP administers the centralized distribution of ART to all people living with HIV/AIDS in British Columbia and is administered by the British Columbia Centre for Excellence in HIV/AIDS (BC-CfE) according to the provincial Therapeutic Guidelines (Therapeutic Guidelines for ARTof Adult HIV Infection, http://www.cfenet. ubc.ca/therapeutic-guidelines/adult). Data collected through the DTP provide a complete retrospective and prospective clinical profile for each participant, including all CD4 þ cell counts and plasma HIV-1 RNA viral loads ascertained through the study or by participants' personal physicians, as well as all ART dispensations. Owing to the no-cost provision of HIV/AIDS medications and care delivered through British Columbia's province-wide and universal access healthcare system, we are able to evaluate the effects of various factors on treatment uptake unconstrained by the confounding influence of financial ability to pay for such care.
In the present analyses, we included all participants who were HIV-seronegative at the VIDUS baseline interview and were subsequently observed to have seroconverted to HIV-positive status at a follow-up interview. In addition, participants had to have completed at least one follow-up interview following seroconversion and completed at least one CD4 þ cell count and at least one plasma HIV-1 RNA viral load observation within 180 days of the follow-up interview at which the individual was first observed to be HIV-seropositive.
The primary outcome of interest in this study was time to ART initiation. As in previous analyses [18, 19] , we estimated the time of seroconversion to be the mid-point between the last negative HIV antibody test and the date of the first HIV-positive antibody test. The time of ART initiation was defined as the date of the first dispensation of ART from the DTP between 17 December 1996 and 16 December 2012. Individuals with no record of ART dispensation by 16 November 2012 were right censored.
We included all interviews conducted after the estimated date of seroconversion.
We considered a range of explanatory variables including: age (per year older); sex (female vs. male); self-reported white ancestry (yes vs. no); level of education attained (high school diploma vs. <high school diploma); residence in the DTES (yes vs. no); homelessness (yes vs. no); noninjection crack use (daily vs.<daily); injection heroin use (daily vs. <daily); injection cocaine use (daily vs. <daily); self-reported binge drug use (binges in which the participant reported using more drugs than usual; yes vs. no); informal income generation (reporting income from sex work, drug dealing, theft, or other activities; yes vs. no); incarceration (reporting being held in custody in jail, prison or penitentiary at least overnight; yes vs. no); engagement in methadone maintenance therapy (MMT; yes vs. no); year of baseline HIV-positive interview (per year later); and clinical eligibility for ART (yes vs. no). All explanatory variables were time-updated and referred to the 6-month period prior to the followup interview except sex and white ancestry, which were time fixed. Homelessness, MMT status and clinical eligibility were time-updated and referred to current status.
To determine clinical eligibility for ART, we referred to the guidelines governing eligibility for ART in our setting from 1996 onwards, as in previous analyses [20] . Since 1996, the guidelines have remained consistent with those published by the International AIDS Society-USA [21] . To judge clinical eligibility at each follow-up interview, we referred to each individual's CD4 þ cell count, plasma viral load and history of AIDS-defining illnesses, as applicable, from their HIV clinical profile data held by the BC-CfE. Eligibility criteria for ART during the study period were: CD4 þ cell count less than 500 cells/ml, viral load at least 30000 copies/ml, or ever experienced an AIDS-defining illness (1996); viral load more than 5000 copies/ml or AIDS-defining illness (1997-1999); CD4 þ cell count less than 500 cells/ml, viral load at least 30000 copies/ml, or AIDS-defining illness (2000-2001); CD4 þ cell count 200 cells/ml or less, or AIDS-defining illness (2002-2007); CD4 þ cell count 350 cells/ml or less, or AIDS-defining illness (2008-2009); and CD4 þ cell count 500 cells/ml or less, or AIDS-defining illness (2010-2012). To determine clinical eligibility at the time of each study interview, we used the mean of all CD4 þ cell counts conducted in the previous 6 months or, if none, we used the most recent CD4 þ cell count observation. An analogous approach was used to determine viral load.
As a first step in our analysis, we examined the baseline characteristics of all individuals stratified by whether or not they initiated treatment during the study period. To estimate the relationship between each explanatory variable of interest and time to ART initiation, we constructed univariable and multivariable extended Cox models. First, we estimated the univariable relationships between each explanatory variable and time to ART initiation. Next, we determined the covariates to be included in the final multivariable model using 'a priori'defined model-building procedure, as in previous analyses [22] . The procedure started with all covariates with P value less than 0.2 in bivariable analyses, proceeding using a backward selection process. The final multivariable with the lowest Akaike Information Criterion value was selected. All P values were two-sided. Statistical analyses completed in R version 3.2.0 (R Software Foundation, Vienna, Austria).
Results
Between December 1996 and December 2012, 1943 HIV-negative PWID were recruited into the VIDUS study. Out of these individuals, 176 (9%) seroconverted to HIV during follow-up and were subsequently transitioned to the ACCESS study. Of these individuals, 133 (75%) met criteria for inclusion in this analysis. Those included did not differ from those excluded by age at seroconversion, sex or ancestry (all P > 0.5). These study participants contributed 788. Select socio-demographic, behavioral, structural, and clinical characteristics of the study sample at their earliest study interview following seroconversion are presented in Table 1 . Results are stratified by whether ART was initiated over the follow-up period (yes vs. no). Individuals who were clinically eligible at baseline were more likely to initiate ART over follow-up (odds ratio ¼ 3.63, 95% CI: 1.57-8.37, P ¼ 0.003). Individuals who reported homelessness at baseline were less likely to initiate ART over the follow-up period (odds ratio ¼ 0.36, 95% CI: 0.16-0.84, P ¼ 0.022).
The crude and adjusted longitudinal estimates of the hazard ratios of initiating ARTare presented in Table 2 . In a model adjusted for a time-updated measure of clinical ART eligibility, current residence in the DTES [adjusted hazard ratio (AHR) ¼ 1.65, 95% CI: 1.04-2.63, P ¼ 0.035], engagement in MMT (AHR ¼ 2.41, 95% CI: 1.59-3.66, P < 0.001) and later year of interview (AHR ¼ 1.06, 95% CI: 1.00-1.12, P ¼ 0.047) were positively associated with ART initiation. Engaging in informal income generation (AHR ¼ 0.51, 95% CI: 0.33-0.80, P ¼ 0.004) and being incarcerated (AHR ¼ 0.52, 95% CI: 0.28-0.97, P ¼ 0.039) were barriers to ART initiation, independent of clinical eligibility.
Discussion
In this study, the first to our knowledge to longitudinally analyze ART initiation among injection drug-using individuals with incident HIV infections, we observed high rates of treatment initiation, with 70% of individuals initiating treatment during the study period at a rate of 12.4 per 100 person-years. In a multivariable model adjusted for a time-updated measure of clinical eligibility for ART, structural factors related to the criminalization and socio-economic marginalization of PWID, including incarceration and informal income generation, posed important barriers to ART initiation independent of clinical eligibility. As in previous analyses, engagement in MMT was strongly associated with ART initiation [23] .
Although illicit drug use was not associated with ART initiation in our analysis, exposures to criminalization most likely related to injection drug use were identified as barriers to initiation independent of clinical status. We
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AIDS 2016, Vol 30 No 6 observed an association between incarceration and reduced rates of ART initiation. Exposure to correctional facilities has been associated with reduced ART adherence and viral suppression in previous studies of community-recruited HIV-positive PWID who had initiated treatment [22, 24] . The current study adds to this evidence by documenting how incarceration delays the timely initiation of HIV treatment, adding to the length of time an individual is viremic. This has implications not only for disease progression but also viral transmission dynamics both within correctional facilities and among nonincarcerated populations following release from custody. Incarcerated populations exhibit higher HIV prevalence than analogous nonincarcerated populations and incarceration has also been associated with syringe lending among PWID with detectable HIV-1 RNA viral loads [25, 26] .
PWID are characterized as a group at high risk of incarceration and are likely to be involved with the criminal justice system [27] . Given these dynamics, correctional facilities have been suggested as a key venue to facilitate HIV testing and treatment initiation [28] . In our setting, HIV testing and antiretroviral treatments are available to incarcerated individuals in municipal, provincial and federal correctional facilities. However, concern has been expressed about the delivery of care, for example, confidentiality within jail settings and linkages to noncorrectional healthcare providers [29] . The current results suggest criminal justice exposure interferes with the delivery and uptake of evidence-based medical care for HIV-positive PWID even in a setting with an ongoing TasP-based HIV treatment scale-up initiative during much of the study period.
We also found that engaging in informal income generation, such as sex work, drug dealing and theft, was associated with a decreased rate of treatment uptake, independent of incarceration, and clinical eligibility.
Other studies show that informal income generating activities are common among PWID and associated with higher intensity drug use [30, 31] . Moreover, PWID involved in informal income generation activities, especially drug dealing and theft, may be evading prosecution, surveillance, or encounters with police or other institutions which monitor individual behavior or keep administrative records, and their willingness or ability to access healthcare may be limited as a result [32] . MMT is well established as an effective treatment for opioid addiction [33, 34] . In addition to reduced drug use, PWID engaged in MMT programs have more frequent contact with healthcare providers, more frequent HIV testing, are more likely to initiate treatment, exhibit better clinical outcomes of ART, and exhibit higher rates of adherence to ART [23, [35] [36] [37] . Our findings are consistent with a prior study showing a similar association between MMT and faster ART initiation among PWID [23] and we additionally demonstrate that this relationship persists independent of clinical eligibility. In addition to engagement in MMT, we observed that individuals with their first HIV-positive interview later in the study period had faster rates of ART initiation, regardless of clinical eligibility. This is consistent with the local communitywide TasP initiative beginning in the late 2000s.
This study has several limitations. First, our analytic sample cannot be seen as representative of all HIVpositive PWID because of nonrandom participant recruitment and the free availability of ART in our setting. Secondly, the possibility of unmeasured confounding variable influence cannot be excluded. To minimize the effects of confounding variables, we used multivariable modeling of data from a long-standing cohort of HIV-seropositive PWID and accounted for the changes in clinical eligibility for ART over the study period. Third, several explanatory variables such as drugs use, informal income generation, and incarceration were derived from participant self-report, which might be susceptible to reporting or response bias. For example, a social desirability bias might engender the underreporting of participant informal income generation, potentially resulting in the underestimation of its relationship to ART initiation rates. Despite these potential limitations, within the context of British Columbia's free healthcare and universal access to ART, confounding because of financial barriers to healthcare access has been reduced. Fourth, owing to limited statistical power, we were unable to assess whether rates of ART initiation might differ by length or location of incarceration events.
Within the context of an ongoing prospective cohort of HIV-seropositive PWID, we have identified several factors associated with time from HIV seroconversion to ART initiation. Engagement in MMT was independently associated with more rapid rates of ART initiation after accounting for clinical eligibility. Periods of informal income generation and incarceration were associated with decreased rates of ART initiation. The identification of these barriers in a setting with universal healthcare and an ongoing TasP initiative testifies not only to the pervasive impacts of the criminalization of illicit drug use, but also to the need to integrate social-structural interventions into efforts to scale-up treatment. Our findings support warnings [28] that laws, policies and programs which treat illicit drug use as a matter of public security impair public health-based objectives to address the global HIV/AIDS pandemic. Given the increasing realization of the importance of earlier HIV treatment initiation to optimize the impact of ARTon HIV/AIDSassociated morbidity, mortality, and HIV transmission, our findings stress the importance of engagement in evidence-based addictions treatment and addressing barriers related to criminalization of illicit drug use.
